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Abstract
Background
There is a lack of studies addressing the short and long-term outcomes of using different airway
interventions in patients with cardiopulmonary arrest in the emergency department (ED). This retrospective
chart review aimed to investigate the effect of endotracheal intubation (ETI) versus no ETI during
cardiopulmonary arrest in the ED on return of spontaneous circulation (ROSC) and survival to discharge.

Methodology
A total of 168 charts were reviewed from August 2017 to April 2019. Resuscitation characteristics were
obtained from Utstein-style-based cardiopulmonary arrest flow sheets.

Results
Unadjusted analysis showed no difference in ROSC (45.5% in ETI vs. 54.5% in no-ETI) (p = 0.08) and survival
to hospital discharge at 28 days (26.7% in ETI vs. 73.3% in non-ETI) (p = 0.07) when comparing ETI versus
non-ETI airway management methods during cardiopulmonary resuscitation (CPR). After adjusting for
confounding factors, our regression analysis revealed that the use of ETI is associated with lower odds of
ROSC (odds ratio [OR] = 3.40, 95% confidence interval [CI] = [0.14-0.84]) and survival to hospital discharge at
28 days (OR = 0.20, 95% CI = [0.04-0.84]).

Conclusions
ETI during CPR in the ED is associated with worse ROSC and survival to hospital discharge at 28 days.

Categories: Emergency Medicine
Keywords: rosc, outcomes of emergency department cpr, endotracheal intubation in cpr, emergency department cpr,
airway in cpr

Introduction
Most patients who experience cardiopulmonary arrest die during the event despite advances in resuscitation
science. Those who do achieve return of spontaneous circulation (ROSC) have low survival to discharge rates
and poor neurologic outcomes [1,2]. Current guidelines prioritize receiving high-quality chest compressions
with minimal interruptions and defibrillation over airway intervention or drug administration [3,4]. The
effects of airway intervention techniques used during cardiopulmonary resuscitation (CPR) are not yet fully
understood. There is no high-quality evidence favoring one approach for oxygenation and ventilation during
CPR [3,5]. The 2020 American Heart Association (AHA) guidelines allow either a standard bag-valve mask
(BVM) or an advanced airway device such as an endotracheal tube (ETT) or a supraglottic airway device
(SGA) based on the skills and experience of the provider in in-hospital settings [3].

Endotracheal intubation (ETI) remains the most commonly used airway intervention during in-hospital
cardiopulmonary arrests [6,7]. Advanced airway procedures should be attempted by experienced and skilled
providers to avoid prolonged interruptions of chest compressions and to delay defibrillation [3,5]. Advanced
airway techniques in the out-of-hospital setting have been associated with increased hands-off time and
hyperventilation, causing decreased coronary perfusion pressures (in animal studies) and increased
mortality [8-13]. Although the use of BVM and laryngeal mask airway (LMA) is simple and quick in
emergencies and requires minimal training, these devices are used less frequently.

A recently published meta-analysis showed better ROSC and survival to hospital discharge rates with ETI use
than with BVM and LMA use in out-of-hospital cardiac arrest (OHCA) patients [14]. Another recently
published randomized clinical trial on OHCA patients concluded that favorable neurologic status at
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discharge, survival to hospital discharge, and ROSC on arriving at the emergency department (ED) were in
favor of laryngeal tube insertion over ETI [15]. Moreover, a randomized controlled trial (RCT) in a similar
setting showed no significant favorable functional outcome at 30 days between SGA and ETI [16]. A large
observational study of in-hospital cardiac arrest (IHCA) patients demonstrated that early ETI, within 15
minutes of the arrest, does not improve survival [6].

Published work focuses on the out-of-hospital setting with controversial results, with only a few focusing on
the in-hospital setting. It is important to note the difference in provider expertise between in- and out-of-
hospital settings. Additionally, the etiological factors are vastly different between the two settings,
potentially affecting the outcomes. The ED is a unique setting with round-the-clock availability of highly
skilled providers. There is a lack of studies addressing airway intervention techniques on the outcomes of
patients with cardiopulmonary arrest in the ED. Hence, we aimed to evaluate the effect of ETI versus no ETI
during CPR in the ED on sustained ROSC and survival to hospital discharge.

Materials And Methods
Study design and population
This retrospective chart review was conducted at the ED of a teaching hospital with an approximate
emergency department visit rate of 66,000 per year. After obtaining institutional review board (IRB) approval
(156-19), all charts of patients with cardiopulmonary arrest at the ED from August 2017 to April 2019 were
reviewed. The ED treated a total of 249 patients with cardiopulmonary arrests during the study period. Of
those only 168 met the inclusion criteria. We included all patients who suffered cardiopulmonary arrests in
the ED within 12 hours of triage time (this was selected based on the standard ED boarding time), those aged
≥18 years, those receiving intravenous epinephrine within three minutes of recognition, those with non-
shockable rhythms, and those without prior advanced airway in place. We excluded charts of patients with a
do-not-resuscitate (DNR) order, pre-hospital cardiopulmonary arrest, a prior advanced airway in place,
pregnancy, and traumatic arrest. The most common rhythm in our institution’s ED is non-shockable.
Patients with shockable rhythms were excluded because the prognosis is different between shockable and
non-shockable rhythms, which can be a source of confounding. In addition, we wanted to study the
association with a specific patient population.

Study endpoints
Our primary endpoint was sustained ROSC which is defined as the restoration of palpable carotid pulse for at
least 20 minutes [17]. Our secondary endpoint was survival to hospital discharge at 28 days.

Study setting
Cardiopulmonary arrests identified in the ED were run via standard advanced cardiac life support protocol.
ETIs were performed by emergency medicine residents or board-certified emergency medicine physicians.
The recommended method for intubation in the department is video laryngoscopy using a GlideScope®
video monitor with a titanium blade (Verathon Inc., WA, USA). Healthcare providers in the ED were required
to maintain valid certification in advanced cardiac life support. An arrest flow sheet was completed in real-
time by a designated nurse documenting details and times. None of the patients were placed on targeted
temperature management protocol post-cardiac arrest in the ED due to a lack of cooling devices. Rather, a
fever-control approach was adopted to target a rectal temperature less than 37.9°C. All cardiopulmonary
arrests (including boarding patients) in the ED were led by emergency physicians. Boarding patients typically
stay in the ED for up to 12 hours due to the lack of in-patient beds. However, this is subject to change based
on the inpatient capacity and workforce.

Data collection
Study investigators collected data directly from cardiopulmonary arrest flowsheets. Thereafter, collected
data were reviewed by the principal investigator for confirmation. For patients with multiple
cardiopulmonary arrests, only the first episode was included (all patients surviving the first episode of CPR
had endotracheal tubes placed and, therefore, subsequent episodes met the exclusion criteria). The
flowsheet used was standard for all cardiopulmonary arrest patients in the hospital who required chest
compressions. It was completed in real-time by a nurse trained in advanced cardiac arrest life support
documentation. The presence of sustained ROSC was determined from the cardiopulmonary arrest
flowsheet. Survival to discharge at 28 days was obtained from electronic medical records (Phoenix health
information system).

Statistical analysis
Frequencies and percentages were used to express categorical data such as gender, diagnosis at admission,
time of cardiac arrest, type of airway used (ETI vs. non-ETI), initial rhythm (pulseless electrical activity
[PEA] vs. asystole), sustained ROSC, and survival to discharge. Means and standard deviations were used to
express continuous data such as age and duration of CPR. Pearson’s chi-square test or independent t-test
was used to compare variables between the ETI and the non-ETI group. Moreover, we constructed a logistic
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regression model for analyzing the primary outcome of ROSC as an independent categorical variable
according to patients receiving ETI versus no ETI during CPR to determine potential associations between
confounding variables, including age, gender, initial rhythm (PEA/asystole), CPR duration, CPR time
(day/night), and diagnosis. The selection of these variables was based on previous studies. A p-value of
<0.05 was considered statistically significant. We report unadjusted and adjusted odds ratios (ORs) with 95%
confidence intervals (CIs). Analysis was performed using SPSS version 25.0 (IBM Corp., Armonk, NY, USA).

Results
We reviewed 249 charts of adult patients with cardiopulmonary arrest in the ED. A total of 81 patients were
excluded for not meeting the inclusion criteria. A total of 168 patients were included in the study. Of the
included patients, 98 (58.3%) were males, and the mean age of the study population was 59 ± 15 years. PEA
was seen in 99 (58.9%) patients. The mean time of CPR duration was 18.8 ± 11.7 minutes. ETI was the most
common method used during resuscitation; it was used in 87 (51.8%) patients. The mean time to airway
intervention was 7.16 ± 6.03 minutes. ETI was not performed in 81 (41.1%) patients. Sustained ROSC was
achieved in 88 (52.4%) patients. Of those achieving sustained ROSC, only 15 (17.0%) survived to hospital
discharge. Patients with a cardiac diagnosis had a higher rate of non-ETI airway intervention (p < 0.01),
whereas patients with a central nervous system diagnosis had higher rates of ETI airway interventions (p =
0.01). Table 1 provides further details on overall study demographics, resuscitation characteristics, and
outcomes.
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 n = 168

Age, mean (SD), years 59.6 ± 15

Sex, n (%)

Males 98 (58.3%)

Females 70 (41.7%)

Diagnosis at admission, n (%)

Cardiac 73 (43.5%)

Respiratory disease 47 (28.0%)

Metabolic 22 (13.1%)

Central nervous system 16 (9.5%)

Gastrointestinal 10 (6.0%)

Time of cardiac arrest, n (%)

Day, 7:00 AM to 10:59 PM 108 (64.3%)

Night, 11:00 PM to 6:59 AM 60 (35.7%)

Duration of CPR, mean (SD), minutes 18.8 (11.7)

Initial rhythm, n (%)

Pulseless electrical activity 99 (58.9%)

Asystole 69 (41.1%)

Type of airway, n (%)

ETI 87 (51.8%)

Non-ETI 81 (48.2%)

Mean time of airway intervention, mean (SD), minutes 7.16 (6.03)

Outcomes

ROSC, n (%)  

   Yes 88 (52.4%)

   No 80 (47.6%)

Survival to discharge, n (%) n = 88

   Yes 15 (17.0%)

   No 73 (82.9%)

TABLE 1: Patient demographics, resuscitation characteristics, and outcomes.
ETI: endotracheal intubation; CPR: cardiopulmonary resuscitation; ROSC: return of spontaneous circulation

When comparing outcomes in the use of ETI versus non-ETI, the groups were statistically similar, as seen in
Table 2. Sustained ROSC was slightly more frequent in the non-ETI group; however, these results were not
statistically different (45.5% in ETI vs. 54.5% in no-ETI) (p= 0.08). Additionally, survival to hospital
discharge rates, although seen more frequently in the non-ETI group results were not statistically different
(26.7% in ETI vs. 73.3% in non-ETI) (p= 0.07). 
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 ETI No ETI P-value OR (95% CI)

Age 59.28 ± 15.89 59.97 ± 14.87 0.77 --

Gender

Male 45 (45.9%) 53 (54.1%)
0.07 0.56 (0.30-1.0)

Female 42 (60.0%) 28 (40.0%)

Diagnosis

Cardiac 29 (39.7%) 44 (60.3%) <0.01 --

Respiratory 25 (53.2%) 22 (46.8%) 0.82 --

Metabolic 15 (68.2%) 7 (31.8%) 0.09 --

Central nervous system 13 (81.3%) 3 (18.8%) 0.01 --

Gastrointestinal 5 (50.0%) 5 (50.0%) 0.90 --

Time of arrest

Day 57 (52.8%) 51 (47.2%)
0.73 1.11 (0.59-2.10)

Night 30 (50.0%) 30 (50.0%)

Initial rhythm

PEA 49 (49.5%) 50 (50.5%)
0.47 0.79 (0.42-1.48)

Asystole 38 (55.1%) 31 (44.9%)

Outcome

Sustained ROSC 40 (45.5%) 48 (54.5%) 0.08 0.58 (0.31-1.0)

Survival to discharge 4 (26.7%) 11 (73.3%) 0.07 0.30 (0.09-1.00)

TABLE 2: Comparison between ETI versus non-ETI.
PEA: pulseless electrical activity; ETI: endotracheal intubation; ROSC: return of spontaneous circulation; OR: odds ratio; CI: confidence interval

When creating a logistic regression model with ROSC as the independent variable, ETI during CPR was 3.4
times more likely to predict no ROSC (OR = 3.40, 95% CI = [0.14-0.84]). Meanwhile, a longer duration of CPR
(OR = 1.18, 95% CI = [1.12-1.25]) and asystole (OR = 3.40, 95% CI = [1.46-7.92]) predicted lower likelihood of
ROSC (Table 3).

 P-value aOR [95% CI]

Endotracheal intubation 0.01 0.34 [0.14-0.84]

Initial rhythm <0.01 3.40 [1.46-7.92]

CPR duration <0.01 1.18 [1.12-1.25]

TABLE 3: Adjusted odds ratios for potential confounding factors with ROSC as an independent
variable.
CPR: CPR: cardiopulmonary resuscitation; ROSC: return of spontaneous circulation; aOR: adjusted odds ratio; CI: confidence interval

When selecting survival to hospital discharge as the independent variable, the use of ETI during CPR was
0.20 times more likely to predict lower survival to discharge (OR = 0.20, 95% CI = [0.04-0.84]) (Table 4).
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 P-value aOR [95% CI]

Endotracheal intubation 0.02 0.20 [0.04-0.84]

TABLE 4: Adjusted odds ratios for potential confounding factors with survival to hospital
discharge as an independent variable.
aOR: adjusted odds ratio; CI: confidence interval

Discussion
In this retrospective chart review conducted at a single-center ED, we analyzed the outcomes of 168 cardiac
arrest patients with documented airway placement during resuscitation. No significant difference was seen
in ROSC and survival to discharge rates between the two airway categories (ETI vs. non-ETI). However, when
adjusting for potential confounding factors, the use of ETI during CPR was independently associated with
lower odds of ROSC and survival to discharge.

The optimal choice of airway intervention is a controversial aspect of resuscitation. Most guidelines are
based on data obtained from out-of-hospital settings [3,5]. Previous studies have concluded that the
majority of OHCA are unwitnessed, CPR is often delayed, and higher proportions of shockable rhythms are
reported [13,18-23]. Conversely, IHCA occurs in monitored settings and is attended to by physicians [24].
IHCA studies have also shown overall better survival outcomes than out-of-hospital settings [25,26].
Therefore, it is challenging to apply the results of OHCA studies to IHCA patients directly.

The goal of CPR is the immediate restoration of the mechanical function of the heart and to improve survival
with a good neurological outcome. Several OHCA studies have addressed the effect of different airway
interventions on functional outcomes [13,15,16,27-29]. Our analysis confirms an association between ETI
during CPR and worse sustained ROSC and survival to hospital discharge. This is consistent with previous
results of a large observational study conducted by Hasegawa et al. in Japan on OHCA patients (n = 649,359)
[13]. This study found a significant negative association between any advanced airway (ETI or LMA) and all
three endpoint measures (OR = 0.38, 95% CI = [0.36-0.39]) for favorable neurologic outcome, (OR = 0.73, 95%
CI = [0.71-0.75]) for one month survival, and (OR = 0.67, 95% CI = [0.66-0.69]) for ROSC. This might be
explained by the quick establishment of ventilation when using BVM, which reduces the hands-off time
leading to successful recovery. Contrary to our result, a recently published RCT by Jabre et al. included 2,043
patients with OHCA [27]. This trial failed to favor BVM versus ETI use for favorable 28-day neurological
outcomes. In another RCT in-OHCA setting conducted by Benger et al. investigating functional outcome at
discharge or at day 30 for non-discharged patients, a significant difference was not found when comparing
SGA to ETI [16].

Andersen et al. recently published an observational cohort study of in-hospital cardiac patients which
showed that ETI during the first 15 minutes of resuscitation was associated with reduction in good
functional outcomes at hospital discharge compared to those not intubated (10.6% vs. 13.6%; p < 0.001) [6].
ETI can also increase the hands-off time to exceed the recommended time frame for securing the airway [30].
Multiple attempts to intubate by the provider can also occur due to the complexity of the procedure.
Additionally, interrupting chest compressions can adversely affect the forward flow of blood to any part of
the body, especially to the coronary and cerebral arteries, affecting survival and neurological outcome [31].

Interestingly, a meta-analysis including 13 articles compared the efficacy of BVM, LMA, and ETI in out-of-
hospital settings and found that eight studies reporting ROSC between LMA and BVM showed no superiority
and based on the pooled analysis of seven studies demonstrated that ETI had a significantly higher ROSC
rate than LMA (48% vs. 23%; RR = 0.72; 95% CI = 0.65-0.80; p = 0.01) [14]. This can be attributed to the
unfamiliarity with using LMA during OHCA. ETI in a pilot study on human cadavers showed better
protection of the airway from regurgitation and aspiration of gastric contents [32], which may play a role in
improving the respiratory status of patients.

An indirect comparison was also performed in which no difference was demonstrated between BVM and ETI
in improving ROSC, which was corroborated in another study [33]. Yeung et al. published a prospective
observational study following both OHCA and IHCA patients (n = 100) and showed that ROSC rates between
ETT, LMA, and BVM were not different (48% vs. 25% vs. 32%; p = 0.079) [34]. Conversely, Andersen et al.
showed a lower ROSC among tracheal intubated patients than those not intubated [6].

Current literature examining airway management during CPR and its effect on outcomes is controversial.
This is probably due to the mulitple confounding factors affecting cardiac arrest outcomes. Our study is
unique by including only ED cardiac arrests, therefore, eliminiating inexperienced personnel in airway
management during cardiac arrest. Based on our findings, we recommend that clinicans focus on quality
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chest compressions while using clinical judgment to decide the most appropriate airway device.

Limitations
Because this small study was conducted in a single-center ED, our results may not be generalizable to the
entire population. Due to the retrospective nature of the study, unmeasured confounding variables might
have influenced our outcomes, such as quality of chest compressions and ventilation, and unrecorded
intubation attempts that were not successful. Although no data were available to monitor the quality of CPR,
all emergency providers are required to maintain certification in advanced cardiac life support. Our small
sample size was limited by the volume of patients in the ED with documented airway placements during CPR
throughout the study period. Finally, unaccounted patient management variables during 30 days after a
cardiopulmonary arrest could potentially influence the outcomes.

Conclusions
This small single-center ED study reveals that, after adjusting for potential confounding factors, ETI is
associated with lower odds of ROSC and survival to hospital discharge at 28 days. The primary goal during
CPR should be to focus on providing high-quality chest compressions while minimizing interruptions. We
recommend conducting RCTs with a larger sample size of patients with ED cardiac arrest and prospectively
following the patients for a better understanding of how using different airway interventions can influence
patient outcomes.

Additional Information
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relationships: All authors have declared that they have no financial relationships at present or within the
previous three years with any organizations that might have an interest in the submitted work. Other
relationships: All authors have declared that there are no other relationships or activities that could appear
to have influenced the submitted work.
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